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Purpose: To investigate infants and toddlers with Down Syndrome (DS) to determine: 1) 
reliability of the Segmental Assessment of Trunk Control (SATCo), 2) concurrent validity of the 
SATCo with Gross Motor Function Measure (GMFM), and 3) whether age and SATCo score 
predict GMFM score. 
Methods: Eighteen infants and toddlers with DS were tested on the SATCo by two physical 
therapist (PT) raters. One PT rater administered GMFM. After 2 weeks, PT raters re-scored their 
recorded SATCo sessions. A third PT rater also scored the SATCo videos.  
Results: Interrater reliability of the SATCo was moderate to good and intrarater reliability was 
good to excellent. The SATCo and GMFM had good to excellent significant correlations. Age 
and SATCo score were significant predictors of GMFM.  
Conclusions:  Trunk control appears to play a central role in gross motor function of infants and 
toddlers with DS. The SATCo has good psychometric properties in this population. 
What This Adds to the Evidence: This study contributes to the literature on the psychometric 
properties of the SATCo and supports its use to measure trunk control in infants and toddlers 








































































INTRODUCTION AND PURPOSE 
Down syndrome (DS) is a genetic condition that occurs in approximately 1.26 per 1,000 
live births in the United States.1 Infants and toddlers with DS display deficits in gross motor 
skills and postural control.2-4 Although children with DS follow the same predictable sequence of 
motor development as their typically developing peers, they require twice as much time to 
acquire basic motor skills.3 Many infants with DS display trunk hypotonicity with decreased 
trunk strength and postural control.5 Postural control at the trunk is a precursor to the 
development of upright gross motor skills;6 however, the association between trunk control and 
gross motor function in children with DS is not clearly understood. To date, few articles have 
investigated this association in children with DS.  
Standardized tools specifically for infants and toddlers with DS are limited. Physical 
therapists should employ effective, reliable tools to measure the incremental changes that occur 
in infants and toddlers with DS at various levels of the World Health Organization’s 
International Classification of Functioning, Disability and Health (ICF).7,8 The Gross Motor 
Function Measure-88 (GMFM) has been shown to be a reliable and valid measure of motor skills 
at the activity level of the ICF for children with DS.9-11 However, there is a paucity of research 
on outcome measures of trunk control at the body structure and function level of the ICF for 
infants and toddlers with DS. The Segmental Assessment of Trunk Control (SATCo) shows 
promise as a quick and easy tool that can be employed by pediatric physical therapists in any 
setting to measure changes in trunk control in infants and toddlers with DS.12  
Initial psychometrics indicate the SATCo is a good measure of discrete levels of trunk 





































































determined by rating eight typically developing children and 24 children with neuromotor 
disability; however none of the children in the sample had a diagnosis of DS.12 
Hansen et al13 examined the reliability of the SATCo in children with cerebral palsy (ICC 
≥ 0.9); and Cardoso de Sa et al14 studied the interrater reliability of the SATCo for children with 
Duchenne muscular dystrophy using the kappa statistic (κ = 0.90, 95% CI = 0.83, 1.00). Both 
articles found the SATCo to be a reliable outcome measure for these populations.13,14 To our 
knowledge, reliability of the SATCo has not been analyzed in children with DS.  
Most of the research exploring the relationship of trunk control and gross motor function 
has been performed in children with cerebral palsy. Mendoza et al15 found a significant 
correlation between sitting ability (as measured by the Level of Sitting Scale) and the capacity to 
walk (as measured by the Gross Motor Function Classification Scale) in children with cerebral 
palsy.15,16 Although the results are interesting, walking ability does not capture the full range of 
gross motor function in children.  
Curtis et al17 explored the relationship between the SATCo and GMFM in children with 
cerebral palsy.  They determined that both SATCo level and age were significant predictors of 
gross motor function as measured by the GMFM. Additionally, Butler et al12 found a significant 
correlation between the SATCo and the sitting dimension of the GMFM in children with 
neuromotor disabilities. These studies both demonstrate an apparent relationship between gross 
motor function and trunk control, but none of the research included children with DS. For infants 
and toddlers with DS, the relationship between trunk control and gross motor function has not 
yet been investigated. 
The purpose of this study was to investigate infants and toddlers with DS to determine: 1) 





































































SATCo with the GMFM, and 3) whether a model of staggered entry with age and SATCo score 
predicts GMFM score.  
METHODS 
Study Design 
 A methodological study on a single group of children with DS was conducted. Dual 
Institutional Review Board approval was received from both Texas Woman’s University and the 
University of St. Augustine for Health Sciences. Written informed consent was obtained from 
the parents of all the participants prior to testing.  
Participants 
 To obtain an ICC of 0.7 at 80% power, a sample size of 10 participants is required to 
detect statistical significance at p = 0.05 for reliability studies.18 For an effect size of 0.7, power 
of 0.8, and p = 0.05, a sample of 11 participants is required for a Pearson correlation test and a 
sample of 18 participants is required for linear regression.*  Therefore, 18 participants (6 female, 
12 male) with DS were recruited from parent support groups, early intervention programs, and 
outpatient clinics. The average age of the participants was 13.67 months old (SD = 5.31). To 
participate in the study, participants had to be between the ages of six to 24 months, have a 
diagnosis of DS, and speak and understand English (as determined by the initial conversation 
about the study). Participants were excluded from the study if they had a diagnosis unrelated to 
DS that limited gross motor movement, or medical restrictions that contraindicated movement or 
handling. The participants represented a wide range of gross motor function abilities. Eleven 
participants were able to maintain sitting without external support for at least a short amount of 
                                                     





































































time, with seven participants unable to maintain static sitting without support. Four participants 
were able to take few steps with assistance. 
Instruments 
The SATCo is an outcome measure used to assess discrete levels of trunk control in 
children with motor disabilities.12 To complete this assessment, the child is seated on a bench 
with the pelvis held in a neutral position, either with a strapping system or with assistance from a 
second person. The tester gives manual support at specific landmarks, starting at the shoulder 
girdle and moving segmentally down the trunk through seven segmental levels of control. Static 
trunk control (seven items), active trunk control (seven items), and reactive trunk control (six 
items) at each level are recorded, for a total of 20 items.  The tester gives the child a score of 
present (), absent (-), or not tested (NT) for each item.12 Control is demonstrated by the child’s 
ability to maintain a neutral posture for static control, maintain neutral posture during head turns 
for active control, and maintain or quickly regain neutral posture during perturbations for 
reactive control. Segmental levels increase as the examiner’s hands move down the trunk. The 
highest segmental level at which a child maintains control in all categories is recorded as the 
level of trunk control.  Higher levels indicate better trunk control with less support needed from 
the tester. The highest score, Level 7, is given when no support is needed, and pelvis support is 
removed.12 For this study, children were given one point for each item in which trunk control 
was marked “present,” resulting in a score range of zero to 20 for the items, and zero to seven for 
the highest level of control.27 See Figure 1 for the SATCo score sheet and levels. 
The GMFM was developed to measure gross motor function in children with cerebral 
palsy and can be used for children with DS under six years old.9,19,20 The examiner scores a 





































































Sitting, C) Crawling and Kneeling, D) Standing, and E) Walking, Running, and Jumping.  Each 
dimension is made up of several items (88 total items) with a total possible score of 264. For 
each item, the child receives a score of 0 (does not initiate), 1 (initiates), 2 (partially completes), 
or 3 (completes). The GMFM can be administered uniquely to children with DS by direct 
observation of the child supplemented with parent report.10,11 For children with DS, the GMFM 
has strong interrater reliability (ICC = 0.96 to 0.98) and test-retest reliability (ICC = 0.95 to 
0.96), with evidence of responsiveness and validity with the Motor Scale of the Bayley Scales of 
Infant Development.11,21 
Procedure 
 Three experienced physical therapist raters (PT raters) with at least five years working in 
pediatric physical therapy participated in data collection. Prior to recruiting child participants, the 
PT raters were given the SATCo protocol, score sheet, and supporting literature to review. The 
PT raters attended a training session with the principal investigator (PI) to ensure consistency of 
scoring. At the training session, the PI explained the outcome measure and the PT raters watched 
a video demonstration of the SATCo. The PI and the PT raters discussed common testing errors 
and possible compensatory strategies that children with DS might employ.  The PT raters 
demonstrated their competence with the SATCo by performing and scoring the outcome measure 
on a live volunteer child with DS.  
 Each child participant was tested on the SATCo by two different PT raters (PT Rater 1 
and PT Rater 2). Testing occurred on one day with at least 30-minutes of separation between 
SATCo testing sessions. Each PT rater was randomly assigned to testing during the first or 
second session. To ensure consistency of testing, the participants were tested in the same 





































































child on the SATCo through all seven levels (as long as the child was safe), which lasted about 
five to 10 minutes. Children were video recorded from the front and the side during each testing 
session.  After a period of at least two weeks, PT Raters 1 and 2 re-scored their own SATCo 
testing sessions by watching themselves test each participant in the video recordings. This 
method was chosen rather than completing a second administration to account for maturation 
effects and to decrease the possibility of the children becoming familiar with the test. PT Rater 3 
did not perform live testing but watched and scored the videos for PT Rater 2. Figure 2 shows 
the reliability comparisons for this study.  
Additionally, the GMFM was administered to all participants by PT Rater 2 at the same 
session as the SATCo administration. The GMFM was performed with the modifications 
recommended by Russell et al9 and Gemus et al11 for children with DS. These included the use of 
parent report if the child refused to perform an item and the use of verbal cues or 
demonstration.11    
Data Analysis 
Each item in the SATCo was given one point if control was considered “present.” The 
columns were summed to reveal a score for static control (maximum score = 7), active control 
(maximum score = 7), and reactive control (maximum score = 6). The total SATCo item score 
was obtained, from zero to 20, and the level of trunk control was identified, from zero to seven.  
Five comparisons were made among the three PT raters. Interrater reliability was 
assessed by comparing the live independent ratings of PT Raters 1 and 2, live rating of PT Rater 
2 versus video rating of PT Rater 3, and video ratings of PT Raters 2 and 3. To assess intrarater 
reliability, video recordings were re-scored by Raters 1 and 2 at least two weeks after the testing 





































































Data was analyzed using IBM SPSS Statistics 25 software.† To be consistent with 
previous studies of the SATCo12,13,22,23, reliability was calculated using Intraclass Correlation 
Coefficient (ICC) (2,1) estimates with 95% CI based on a single measure, absolute consistency, 
two-way random effects model. Reliability was assessed for each category (static, active, and 
reactive), overall total score, and SATCo level of trunk control. Results were interpreted as: poor 
(< 0.5), moderate (0.5 to 0.75), good (>0.75 to 0.9), and excellent (> 0.9).24  
To examine the concurrent validity of the SATCo with the GMFM, Spearman’s rho was 
calculated for each category of the SATCo, total SATCo score, SATCo level, dimension B 
(sitting) of the GMFM, and total GMFM score. A p-value < 0.05 was used to indicate 
significance. Spearman’s rho correlation results were interpreted as: little or no relationship (0 to 
0.25), fair relationship ( > 0.25 to 0.50), moderate to good relationship ( > 0.50 to 0.75), and 
good to excellent relationship ( > 0.75).25  
To explore whether age and SATCo scores have a predictive effect on GMFM in infants 
and toddlers with DS, a linear model was used:  
GMFMi = b0 + b1SATCoi + b2Agei 
Age was included in the model because gross motor growth curves from the GMFM have 
been shown to be related to age in children with DS.10 To fully explore the relationships, several 
models of linear regression were analyzed using blocked or hierarchical entry.26 
RESULTS 
 Eighteen children with DS (six female and 12 male) between the ages of six to 23 
months, with a mean age of 13.67 (SD = 5.31) months participated in the study. Trunk control 
was assessed using the SATCo by three PT raters in live and/or video recorded sessions. The PT 
                                                     





































































raters were all female with an average age of 41 years (SD = 7.94), and pediatric physical 
therapy clinical practice experience for an average of 11.33 years (SD = 7.09).  
ICC (2,1) results are presented in Table 1. Interrater reliability was moderate to good with 
ICC values between 0.5 and 0.9 (p ≤ 0.013). The highest reliability scores were obtained when 
PT raters re-scored their own videos taken from live testing sessions, with good to excellent 
intrarater reliability of the SATCo (p < 0.001). The interrater reliability between Rater 1 and 
Rater 2 reflected the lowest overall scores (ICC (2,1) ≤ 0.686). Highest scores were found in the 
intrarater reliability of Rater 1 (ICC (2,1) ≥ 0.806). When comparing live rating versus video 
recording, the interrater reliability of the SATCo remained moderate for most categories but 
improved to good for static control and overall total score. Across all raters, the category of static 
trunk control (ICC (2,1) = 0.647 to 0.922) and total SATCo score (ICC (2,1) = 0.661 to 0.941) 
showed the strongest reliability.  The lowest reliability was reactive trunk control (ICC (2,1) = 
0.508 to 0.846). 
Static (mean = 5.72, SD = 1.53), active (mean = 5.83, SD = 1.30), and reactive (mean = 
4.22, SD = 1.59) categories of the SATCo, as well as the composite SATCo total score (mean = 
16.06, SD = 4.01) and SATCo Level (mean = 5.22, SD = 1.59) were compared to GMFM 
Dimension B score (mean = 34.44, SD = 20.75) and GMFM total score (mean = 98.83, SD = 
45.88). Dimension B of the GMFM represents the child’s ability to maintain static and dynamic 
sitting. Spearman’s rho correlations revealed a good to excellent significant relationship (rs > 
0.75, p < 0.001) among all comparisons. Correlation values are presented in Table 2. 
A hierarchical model was used to determine if SATCo level has a predictive effect on 
GMFM total score beyond what age predicts. In this model, age accounted for 63% of the 





































































further explore the data, another hierarchical model was used with SATCo total score as the 
primary predictor and age as a secondary predictor.  This model showed that SATCo total score 
accounted for 71% of the variation in GMFM total score and age accounted for an additional 9%. 
Both models revealed a significant regression equation (F[2,15] = 30.45, p < 0.001). The raw 
coefficients for the predictive equation for both models were as follows: GMFMi = -53.22 + 
(6.40 x SATCo total score) + (3.61 x Age). 
Models using block entry of the single predictors of age or SATCo level were consistent 
with the hierarchical models, demonstrating 63% and 71% of the variance in GMFM total scores, 
respectively. When analyzing the opposite model, the single predictor of GMFM total score also 
predicted 71% of the variance in SATCo total score. Block entry of the single predictors of age 
(R = 0.82, R2 = 0.67, F[1,16] = 31.89, p < 0.001) and SATCo total score (R = 0.86, R2 = 0.74, 
F[1,16] = 46.599, p < 0.001) had a significant predictive effect on Dimension B (Sitting) of the 
GMFM. Results of the linear regression models are shown in Table 3. 
DISCUSSION 
 The SATCo is a measure of segmental trunk control for children with neuromotor 
disabilities. This study expands upon previous psychometric studies of the SATCo and informs 
clinicians about the reliability of this tool for infants and toddlers with DS.12-14,17,22,27 Clinically, 
the SATCo appears to be a useful tool for children with DS with good to excellent intrarater 
reliability and moderate to good interrater reliability among PT raters. The SATCo may prove 
more useful when used by the same clinician to monitor and document incremental changes in 
trunk control in infants and toddlers with DS. In previous published research, the relationship of 
trunk control and gross motor function in infants and toddlers with DS has not been fully 





































































shows a strong correlation to gross motor function, as measured by the GMFM. The authors 
recommend clinicians attend an online or in-person training course prior to implementing the 
SATCo in clinical practice.   
Agreement among raters was highest for the older children who demonstrated full trunk 
control. Some variability between raters was observed by the PI in the testing sessions.  Rater 1 
appeared to be more lenient with scoring.  Rater 3, who only watched videos and did not 
participate in any of the live testing sessions appeared to have a stricter, more narrow view of 
trunk control that was “present.” Butler et al12 found good to excellent reliability among all 
categories of the SATCo; however, raters had previous experience with development or 
administration of the SATCo, which may account for the higher reliability results.12 The PT 
raters in our study, although experienced clinicians who all attended training on the SATCo, had 
no previous exposure to the SATCo.  
When the participants with DS had difficulty maintaining trunk control, they often used 
subtle compensations such as clasping their hands together, bringing both hands to the mouth, or 
hyperextending the cervical spine with increased thoracic flexion. PT raters experienced 
difficulty in observing these compensations while sitting behind the wiggling participants. Pin et 
al22 suggest having a trained assistant vigilantly monitor and report these small compensations 
during the testing session. Both raters were skilled at handling children with DS, patiently 
allowing the children to attempt the item to the best of their ability before moving on to the next 
item.  
Additionally, the participants may have performed differently for Rater 1 than for Rater 
2. The children may have experienced increased fatigue, or they may have become more familiar 





































































The SATCo and the GMFM are measurements at two different levels of the ICF model.7,8 
The SATCo is a quick and easy assessment to perform, taking a fraction of the time that it takes 
to perform the full GMFM. The SATCo could be a valuable complementary measure for infants 
with DS who has a functional goal related to sitting. Clinicians may want to consider that the 
SATCo requires a second person if a strapping system is not used to secure the child’s pelvis. 
A predictive effect of trunk control on gross motor function was found for infants and 
toddlers with DS. All linear regression models showed that the SATCo was a significant 
predictor of GMFM total score.  This evidence indicates trunk control is an important factor for 
determining gross motor function in infants and toddlers with DS.  
 This study builds upon similar work done by Curtis et al17 in children with cerebral palsy. 
Our results indicate that as a single predictor, age accounted for a large amount of the variance in 
GMFM total score. Regardless of whether hierarchical or blocked entry was used for the 
regression models, both SATCo and age remained significant predictors for children with DS 
who were less than 24 months of age. 
 All three raters for this study were blinded to each other’s scores and their own previous 
scores.  Data was analyzed by the PI, who did not perform any of the scoring for this study.  This 
study had a strong research design with a diverse sample of participants of various ages and 
abilities. 
Study Limitations 
A more rigorous training session with several live child demonstrations and more hands-
on practice could have decreased the variability in scoring among the PT raters for control that 
was “present” or “absent” in infants and toddlers with DS. The addition of more than one 





































































testing sessions were obtained immediately after administration. The developers of the SATCo 
suggest using a video recording to review and assist with scoring.12 Good to excellent reliability 
was found by several authors when video recordings were used to score the SATCo.12,13,22 
Perhaps allowing the PT raters to view their video and score the SATCo within one day of 
administration would have improved overall interrater reliability of the tool. Test-retest 
reliability was not assessed in this study, since a second administration by the same rater was not 
completed.  
Given the narrow age range for inclusion, recruitment of participants was difficult. 
Therefore, the sample size for regression analysis was relatively small. Caution should be used in 
generalizing the results for the wider population of infants and toddlers with DS.  Although 
construct validity was found for the SATCo in children with DS, this study did not demonstrate 
that the SATCo differentiates trunk control in infants with DS compared to their typically 
developing peers. Future studies should focus on further investigating the psychometric 
properties of the SATCo in infants and toddlers with DS.  For example, clinicians would benefit 
from information on the responsiveness of the SATCo, including the possibility of performance 
variability, and the predictive ability of the SATCo for functional mobility in children with DS. 
WHAT THIS ADDS TO THE EVIDENCE 
This study contributes to the literature on the psychometric properties of the SATCo and 
supports its use to measure trunk control in infants and toddlers with DS between the ages of six 
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FIGURE LEGENDS 
Figure 1. SATCo Score Sheet with Levels (modified from Butler et al.).12 
























































































Interrater Reliability  
(Rater 1 vs Rater 2) 
0.647  
[0.272,0.852] 
p = 0.001 
0.544 
[0.118,0.801] 
p = 0.008 
0.686 
[0.336,0.870] 
p = 0.001 
0.661 
[0.294,0.858] 
p = 0.001 
0.615 
[0.221,0.836] 
p = 0.003 
 
Interrater Reliability 




p < 0.001 
0.679 
[0.324,0.867] 
p = 0.001 
0.549 
[0.124,0.803] 
p = 0.008 
0.784 
[0.511,0.913] 
p < 0.001 
0.568 
[0.152,0.813] 
p = 0.006 
 
Interrater Reliability 




p < 0.001 
0.678 
[0.332,0.866] 
p = 0.001 
0.508 
[0.068,0.782] 
p = 0.013 
0.747 
[0.441,0.897] 
p < 0.001 
0.524 
[0.090,0.791] 
p = 0.011 
 
Intrarater Reliability 




p < 0.001 
0.830 
[0.602,0.933] 
p < 0.001 
0.806 
[0.554,0.923] 
p < 0.001 
0.859 
[0.662,0.945] 
p < 0.001 
0.806 
[0.554,0.923] 
p < 0.001 
 
Intrarater Reliability 




p < 0.001 
0.772 
[0.488,0.908] 
p < 0.001 
0.846 
[0.635,0.939] 
p < 0.001 
0.941 
[0.850,0.978] 
p < 0.001 
0.867 
[0.679,0.948] 
p < 0.001 
 
Table 1















GMFM Dimension B Score 0.781 0.803 0.834 0.821 0.834 
GMFM Total Score 0.788 0.832 0.821 0.829 0.821 
*all values significant at p < 0.001 
 
Table 2
Table 3. GMFM Prediction Models 
Variable B (SE) p F R R2 
Adjusted 
R2 
Block Entry Models with One Predictor on GMFM Total Score 
Age 6.87 (1.31) <0.001 27.53 0.79 0.63 0.61 
SATCo Total Score 9.63 (1.55) <0.001 38.64 0.84 0.71 0.69 
Block Entry Model with Two Predictors on GMFM Total Score 
Model 1   30.45 0.90 0.80 0.77 
  Age 3.61 (1.34)   0.017     
  SATCo Total Score 6.40 (1.78)   0.003     
Hierarchical Models with Two Predictors on GMFM Total Score 
Model 1   27.53 0.80 0.63 0.61 
  Age 6.87 (1.31) <0.001     
Model 2   30.45 0.90 0.80 0.78 
  Age 3.61 (1.34)   0.017     
  SATCo Total Score 6.34 (1.78)   0.003     
*R2 Change = 0.17 
       
Model 1   38.64 0.84 0.71 0.69 
  SATCo Total Score 9.63 (1.55) <0.001     
Model 2   30.45 0.90 0.80 0.78 
  SATCo Total Score 6.34 (1.78)   0.003     
  Age 3.61 (1.34)   0.017     
*R2 Change = 0.09 
Block Entry Models with One Predictor on GMFM Dimension B 
Age 3.19 (0.56) <0.001 31.89 0.82 0.67 0.65 
SATCo Total Score 4.47 (0.66) <0.001 46.59 0.86 0.74 0.73 
Block Entry Models with One Predictor on SATCo Total Score 
GMFM Total Score 0.07 (0.01) <0.001 38.64 0.84 0.71 0.70 
GMFM Dimension B 0.17 (0.02) <0.001 46.59 0.86 0.74 0.73 
Age 0.51 (0.014)   0.002 13.39 0.68 0.46 0.42 
 
 
Table 3
